EuropaischeS Patentamt Q Veroffentlichurig^nurnmer: 

European Patent Office @ Publication number: 

Office europeen des brevets 0 Numero de publication: 



0 565 546 



Internationale Anmeldung veraeffentlicht durch die 
Weltorganisation ffir geistiges Eigentum unter der Numm 

WO 92/12135 (art. 158 des EP/). 

International application published by the World 
Intellectual Property Organisation under number: 

WO 92/12135 (art. 158 of the EPC). 

Demande international publiea par l'Organisation 
Mondiale de la Propriata sous le numaro: 

WO 92/12135 (art. 158 de la CBE). 




THIS 



NK 



tosn. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 

C07D 237/04, A61K 31/50 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 92/12135 

23 July 1992(23.07.92) 



(21) International Application Number: PCT/ F 1 92/00003 

(22) International Filing Date: 3 January 1992 (03.01.92) 



(30) Priority data: 
9100049.7 
9118947.2 



3 January 1991 (03.01.91) GB 
5 September 1 99 1 (05.09.9 1 ) GB 



(71) Applicant (for all designated States except US): ORION- YH- 

TYMA OY [FI/FI]; Orionintie 1, SF-02100 Espoo (FI). 

(72) Inventors ; and 

(75) Inventors/Applicants (for US only) : NO RE, Pentti [FI/FI]; 
Malminkatu 24 E 52, SF-00100 Helsinki (FI). HON- 
KANEN, Erkki [FI/FI]; Koivusyrja 7 F, SF-02I30 Es- 
poo (FI). BACKSTROM, Reijo [FI/FI]; Poutamaentie 
14 F 68, SF-00360 Helsinki (FI). WIKBERG, Tom [FI/ 
FI]; Meteorinrata 3 B 37, SF-02210 Espoo (FI). HAIKA- 
LA, Heimo [FI/FI]; Seilimaki 18 A 4, SF-02180 Espoo 
(FI). HAARALA, Jorma [FI/FI]; Isonkaivontie 8 A 5, 
SF-00720 Helsinki (FI). 



(74) Agent: ORION CORPORATION; Orion Pharmaceutica, 
Patent Department, P.O. Box 65, SF-02I0J Espoo (FI). 

(81) Designated States: AT, AT (European patent). AU, BE 
(European patent), BG, BR, CA, CH, CH (European 
patent), DE, DE (European patent), DK, DK (European 
patent), ES, ES (European patent), FI, FR (European 
patent), GB, GB (European patent), GR (European pa- 
tent), HU, IT (European patent), JP, KP, KR, LU, LU 
(European patent), MC (European patent), NL, NL (Eu 
ropean patent), NO, PL, RO, RU ,SE, SE (European 
patent), US. 

Published 

With international search report. 



(54) Title: 0-[[4>(l,4,5,6-TETRAHYDRO-4.METHYL.6-OXO-3-PYRIDAZINYL)PHENYL]-HYDRAZONO]PROPANE. 
DINITRILE 



(57) Abstract 

Optically substantially pure (-) enantiomer of [[4-(l,4,5,6-tetrahydro-4-methyI-6-oxo-3-pyridazinyI)phenyl]hydrazono]pro- 
panedinitrile or pharmaceutically acceptable salt thereof, intermediates and a process for the preparation are described. The pro- 
duct is useful as a cardiotonic agent, antihypertensive and vasodilator for the treatment of congestive heart failure. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications uaiier ihe PCI \ 



AT Austria 

AU Australia 

BB BarlKuIos 

BE Belgium 

BF Burkina Fa*u 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA ("anaUu 

CF CvmxUuX African Republic 

CC Congo 

CH Switzerland 

CI C'oic dMvoire 

CM C amcruon 

CS CVeclMi^IovaLia 

DE ( ier many 

DK IJcnmurk 



ES Spain 

Fl I- in la iid 

FR hrancc 

CA Gabon 

GB United Kingdom 

CN Guinea 

CR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

LI I icchlcnsiein 

IJi Sri I^tnka 

LU I uxembourg 

MC Moiwui 



MC Madagascar 

Ml. Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

RO Romania 

RU Russian Federation 

SO Sudan 

SE Sweden 

SN Senegal 

SU Soviet Union 

TO Chad 

TC Togo 

US United Slates of America 



WO 92/12135 



1 



PCT/FI92/00003 



(-)-[[4-(1,4 f 5,6-TETRAHYDRO-4-METHYL-6-OXO-3-PYRIDAZINYL)PHENYL]- 
HYDRAZONO]PROPANEDINITRILE 



The present invention relates to the pure (-) enantiomer of [[4-(1 ,4,5,6- 
tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedinitrile of 
formula 



The invention also relates to salts, compositions and a process for the 
preparation of this enantiomer as well as to new intermediates of this process. 

The compound according to the invention is useful as cardiotonic agent, 
antihypertensive and vasodilator for the treatment of congestive heart failure. 

The racemic mixture of [[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3- 
pyridazinyl)phenyl]hydrazono]propanedinitrile (I) with melting point of 258- 
263°C has been described earlier in applicant's patent application GB 
2228004. It was shown that the compound (I) is potent in the treatment of 
congestive heart failure and has significant calcium dependent binding to 
troponin. Our further studies have now unexpectedly revealed that the 
cardiotonic potency is predominantly due to the optically active (-) enantiomer 
of this compound. Furthermore it was found that the water solubility of the (-) 
enantiomer is over 30 fold compared to the racemate. The bioavailability of the 
(-) enantiomer was also found to be superior compared to racemate. Therefore 
the pure (-) enantiomer is especially suitable over the racemic compound to be 
used as a medicament for treating congestive heart failure. 

The (+) and (-) enantiomers of [[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3- 
pyridazinyl)phenyl]hydrazono]propanedinitrile (I) can be separated by passage 
of the racemic compound over a chiral phase chromatography column. 
However, this method is tedious if larger amounts of material is needed. 

Another possibility to obtain the pure enantiomers of compound (I) is the 
use of corresponding optically active enantiomers of 6-(4-aminophenyl)-5- 
methylpyridazin-3(2H)one as an intermediate. The racemic 6-(4-amino- 
phenyl)-5-methyl-pyridazin-3(2H)one of formula (II) 




I 
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CH 3 




n 



can be synthesized by methods known in the literature (J. Med. Chem., 17, 
5 273-281 (1974)}. The resolution of the racemic compound (II) has, however, 
been proved very difficult because the 4-amino group in the molecule is weakly 
basic. The salts of 6-(4-amino-phenyl)-5-methylpyridazin-3(2H)one with 
optically active acids hydrolyse on crystallization readily back to the compound 
(II) and to the resolving compound which interfere the resolution procedure or 
1 0 make it totally impossible. 

The separation of the pure enantiomers of compound (II) on a chiral 
HPLC-column has been described in European patent application EP 208518. 
This method is, however, not applicable for industrial scale. An enantio- 
selective seven step synthesis of (-)-6-(4-aminophenyl)-5-methylpyridazin- 

1 5 3(2H)one starting from (+)-2-chloropropionic acid has also been described in 

the literature (J. Org.Chem., 56, 1963 (1991)). The total yield In this method is 
only 12 % giving (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one with an 
optical purity of 97.2 %. 

It was now found that good enantiomeric separation of compound (II) 

2 0 could be obtained by using L- or D-tartaric acid in excess, preferably about 2 to 

about 3 equivalents, to the compound (II) in 2-propanoI. The acid salts of (-)-6- 
(4-aminophenyl)-5-methylpyridazin-3(2H)one with L-tartaric acid 2-propanol 
solvate (Illb) or corresponding (+)-6-(4-aminophenyl)-5-methyIpyridazin- 
3(2H)one with D-tartaric acid 2-propanol solvate (Ilia) crystallize in good yield 
2 5 and in practical optical purity. 



ch 3 




3 0 It was further found that the minor component in a partly enriched 
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enantiomer mixture may be crystallized out as racemic compound (II) from 
dioxane leaving the rest of the major component in the solution. Thus the salts 
(Ilia) or (lllb) obtained in the crystallization mentioned above were filtered and 
the free base was liberated with potassium carbonate solution and the product 
were treated with dioxane. Both enantiomers of (I) are thus obtained by this two 
phase crystallization procedure in high optical purity of over 99 %. The yield in 
this process is also very good, because the rasemic compound (I) is obtained 
from dioxane in crystalline state and may be recycled. Both resolving 
compounds L- or D-tartaric may be alternatively used in the above process, but 
the natural L-tartaric acid is preferable because it is much cheaper. 

The optically substantially pure (-) and (+) enantiomers of the compound 
(I) may then be prepared from the corresponding optically substantially pure (-) 
and (+) enantiomer of compound (II), respectively, by the usual process 
disclosed in applicant's patent application GB 2228004, in high optical purity 
and in nearly quantitative yields. The process described in GB 2228004 for 
preparing the compound (I) comprises treating the compound of formula (II) 
with sodium nitrite and malononitrile in acidic conditions. The term "optically 
substantially pure" means here optical purity over about 90 %, preferably over 
95 % and more preferably over 99 %. 

Salts of the enantiomers of compound (I) may be prepared by known 
methods. Pharmaceutical^ acceptable salts are useful as active medicaments, 
however, preferred are the salts with alkali or alkaline earth metals. 



TABLE 1. 

The water solubility of (-) enantiomer and racemic mixture of [[4-(1, 4,5,6- 

tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedi- 
nitrile (I) in 67 mM phosphate buffer (pH 2). 



Solubility 



Compound 



Solubility (mg/ml) 



(-) enantiomer 



0.029 



racemic 



0.0007 



I 



10 



15 
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Cardiotonic action 

Cardiotonic action of the (-) and (+) enantiomers of [[4-(1 ,4,5,6-tetra- 
hydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedinitrile (I) was 
studied in isolated, electrically paced, right ventricular papillary muscle of 
guinea-pig. Experiments were carried out in normal Tyrode's bath solution as 
described by Otani et al., Japan. J. Pharmacol. 45, 425, 1987. 

The results are presented in Table 2. They show that the (-) enantiomer 
was 47 times more potent than the (+) enantiomer. 

TABLE 2. 

Cardiotonic effects of the (-) and (+) enantiomers of [[4-(1 ,4,5,6-tetra- 
hydro-4-methyl-6-oxo-3-pyridazinyi)phenyi]hydrazono]propanedinitnle 

in guinea-pig papillary muscle. 



20 



Enantiomer 


EC 50 , mM 


(-) 


0.06 


(+) 


2.8 



Bioavailability 

Concentration of total [[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3- 

2 5 pyridazinyl)phenyl]hydrazono]propanedinitrile in dog plasma after single dose 

oral administration of the racemate (1 mg/kg) and (-)-enantiomer (0.5 mg/kg) is 
shown in Figure 1 . Curve A is for the (-)-enantiomer and curve B is for the 
racemic [[4-(1,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydra- 
zono]propanedinitrile. The figure shows that when (-)-enantiomer is used 

3 0 instead of the racemate less than half dose is needed to produce the same 

plasma concentration level of the total drug substance. 

The pharmaceutical^ active compound according to this invention is 
formulated into dosage forms using the principles known in the art. It is given to 
mammalian organisms, i.e., humans, a patient as such or in combination with 
3 5 suitable pharmaceutical excipients in the form of tablets, dragees, capsules, 
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suppositories, emulsions, suspensions or solutions. The composition according 
to the invention contains an therapeutically effective amount of the pharma- 
ceutical^ active compound of the invention. The contents of the active 
compound is in the composition from about 0.5 to 100 % per weight. In general, 

5 the compound of the invention may be administered to man in oral doses as 
low as ranging from about 1 to 50 mg per day. Choosing suitable ingredients 
for the composition is a routine for those of ordinary skill in the art. It is evident 
that suitable carriers, solvents, gel forming ingredients, dispersion forming 
ingredients, antioxidants, colours, sweeteners, wetting compounds and other 

0 ingredients normally used in this field of technology may be also used. The 
LD50 value of the (-) enantiomer given intravenously to rats was 57 mg/kg. 

The compositions are formulated depending upon the purpose of the 
medicine, normal uncoated tablets being quite satisfactory. Sometimes it is 
advisable to use coated tablets, i.e. so-called enterotablets, to secure that the 
5 medicine reaches the desired part of the gastrointestinal tract. Dragees and 
capsules may be used too. 

Example 1 

0 Resolution of racemic 6-(4-aminophenyl)-5-methylpyridazin-3(2H)one with L- 
tartaric acid. 

(±)-6-(4-aminophenyl)-5-methylpyrida2in-3(2H)one (203 g, 1 mole) was 
dissolved in 2-propanol (40 dm3) on heating. To this solution (L)-tartaric acid 
(300 g, 2 mole) was gradually added. The mixture was stirred on heating until a 

5 clear solution was obtained. The solution was cooled slowly to room tempera- 
ture with stirring. After it has been stirred over night at 20°C the crystalline 
product (IHb) was filtered. The wet salt was dissolved in water (1 .5 dm3) and 
potassium carbonate solution (190 g K2CO3 in 0.75 dm3 of water) was added 
with stirring. The free base was filtered, washed with water and dried. The 

0 product (104.6 g) was dissolved in dioxane (0.6 dm3) on heating and allowed 
to cool to room temperature. The racemic 6-(4-aminophenyl)-5-methyl- 
pyridazin-3(2H)one was filtered (74.6g) and the filtrate was evaporated to 
dryness in vacuo yielding (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one 
as a crystalline solid (23.8 g) with optical purity of 99.5 %, m.p. 207 - 210°C, 

5 [aJo 25 = -383° (ethanol-water-conc. HCI 17:2:1). 
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The 2-propanol solution containing the (+)-enantiomer together with the 
racemate of compound (I) was evaporated to dryness in vacuo. The residue 
was treated with potassium carbonate solution as described above to give a 
mixture of (+)-enantiomer and racemate (87.3 g) which was dissolved on 

5 heating in dioxane (0.48 dm3). The racemate was filtrated after cooling (48.0 g) 
and the filtrate was evaporated to dryness in vacuo yielding (+)-6-(4-amino- 
phenyl)-5-methylpyridazin-3(2H)one as a crystalline solid (26.1 g) with optical 
purity of 99.5 %, mp. 206 - 209°C, [aJo 25 - +391 ° (ethanol-water-conc. HCI 
17:2:1). In total 122.6 g of racemate was recovered. The yield of (-)-enantiomer 

0 of (I) was thus 59.2 % and the yield of (+)-enantiomer of (I) 64.9 %. 

Example 2 

( + ).[[4-(l,4 I 5 f 6-tetrahydro-4-methyi-6-oxo-3-pyridazinyi)phenyI3hydrazono3- 
5 propanedinitriie 

The title compound was prepared as described in patent application GB 
2228004 from (+)-6-(4-amino-phenyl)-5-methylpyridazin-3(2H)one. Yield 98 %, 
mp 210-214°C , [afo 25 ** 568° (tetrahydrofurane-methanol 1:1). 

0 Example 3. 

(_).[[4.(1 j 4 > 5 > 6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]- 
propanedinitrile 

The title compound was obtained as described above from (-)-6-(4- 
5 aminophenyl)-5-methylpyridazin-3(2H)one. Yield 97 %, mp 210-214°C, [afo 25 - 
-566° (tetrahydrofurane-methanol 1:1). 

Example 4. 

0 Preparation of pure diastereomeric salt (Ilia) 

508 mg (2.5 mmol) of pure (+)-6-(4-aminophenyl)-5-methylpyridazin- 
3(2H)one obtained in Example 1 was dissolved in 100 ml of 2-propanol. 750 
mg (5.0 mmol) of D-tartaric acid was added and the mixture was heated to 
boiling. On cooling 800 mg of crystalline (+)-6-(4-aminophenyl)5-methyl- 
5 pyridazin-3(2H)one D-tartrate mono 2-propanol solvate was obtained, mp. 97- 
105°C. 
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Example 5 

Preparation of pure diastereomeric salt (lllb) 

The above process was repeated by using (-)-6-(4-amino-phenyl)-5- 
5 methylpyridazin-3(2H)one and L-tartaric acid. Mp. 98-1 06°C. 

Example 6 

Preparation of (-)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one by resolution 
10 of the corresponding racemate with L-tartaric acid. 

(±)-6-(4-aminophenyl)-5-methylpyridazin-3(2H)one (203 g, 1 mole) was 
dissolved in 2-propanol (10 dm3) on heating. To this solution (L)-tartaric acid 
(300 g, 2 mole) was gradually added. The mixture was stirred on heating until a 
clear solution was obtained and cooled slowly during 3 h to 50°C and stirred 
1 5 further over night at 50°C. The crystalline product was filtered and the 

procedure described in Example 1 was repeated. The yield of (-)-6-(4-amino- 
phenyl)-5-methylpyridazin-3(2H)one was 30.3 g (97.4 % of the theoretical). The 
optical purity was 99.7 %. In total 1 40.8 g of the racemate was recovered. 



The optical purities of the compounds were determined by the high 
performance liquid chromatography. The instrument was a Waters 600 E 
gradient pump with a Waters 991 photodiode array detector and a Waters 700 
Satellite Wisp injector (Miliipore Co.) controlled by a NEC Powermate SX Plus 
computer. The enantiomers of 6-(4-aminophenyl)-5-methylpyridazin-3(2H)one 
were separated by using a selluiose-type chiral column (Chiracel «OJ, 4.6x250 
mm, Daicel Chemical Industries LTD.). The mobile phase consisted of 97 % 2- 
propanol and 3 % hexane. The flow rate was 0.3 ml/min. The enantiomers of 

[[4-(1,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]- 
propanedinitrile were separated by using a 6-cyclodextrin column (Cyclobond 
lb, 4.6x250 mm, Advance Separation Technologies Inc.). The mobile phase 
consisted of 41 % methanol in water buffered to pH 4.0 with 1 % triethyl- 
ammonium acetate. The flow rate was 0.3 ml/min. 
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Claims 

1 . (-)-[[4-(1 ,4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]- f 
5 hydrazonojpropanedinitrile and pharmaceutically acceptable salts thereof. 

2. A pharmaceutical composition which comprises a therapeutically • 
effective amount of the compound according to claim 1 and a pharmaceutically 
acceptable carrier. 

3. A process for the optical resolution of (±)-6-(4-aminophenyl)-5-methyl- 
1 0 pyridazin-3(2H)one, which process comprises contacting the mixture of 

enantiomers with L- or D-tartaric acid in 2-propanol, recovering the resulting 
crystalline salt and optionally basifying the salt to form the corresponding free 
base. 

4. A process as ciaimed in claim 3, wherein the free base is further 

1 5 dissolved in dioxane and the filtrate containing the optically active free base is 
recovered. 

5. A process as claimed in claim 3 or 4, wherein the L- or D-tartaric acid is 
used in an amount of from about 2 to about 3 equivalents of acid per equivalent 
of enantiomers. 

20 6. A process as claimed in claim 3, 4 or 5, wherein the crystalline salt 

comprises diastereomeric intermediate salt of formulae (Ilia) or (lllb) 



O x L-tartaric acid x 2-propanol solvate J IDa 

CH 3 

O x L-tartaric acid x 2-propanol solvate J mb 
25 

7. A process for preparing optically substantially pure (-)-[[4-(1 ,4,5,6- 
tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]propanedinitrile or 
(+)-[[4-(1 T 4,5,6-tetrahydro-4-methyl-6-oxo-3-pyridazinyl)phenyl]hydrazono]- 
propanedinitrile which comprises treating optically substantially pure (-) or (+) 
3 0 enantiomer of 6-(4-aminophenyl)-5-methyipyridazin-3(2H)one prepared 
according to any of claims 3-6 with sodium nitrite and malononitrile. 
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8. Diastereomeric intermediate salts of formulae (Ilia) or (1Mb) 




(♦> [*N-f > 



O x L-tartaric acid x 2-propanol solvate ] TTTa 



N— NH 



\==/ N — NH 



O x L-tartaric acid x 2-propanol solvate J nib 



9. A method for treating congestive heart failure in a mammalian 
organism, said method comprising administering an effective amount to treat 
congestive heart failure of a compound as claimed in claim 1 to a mammalian 
organism in need of such treatment. 
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